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117°28'0"E) #hitth, 13 pH {HH 7.80~8.42, HF*H
79400~ 1550 pS/em, #h453 9 0.73~1.33 glkg, A WL
9 12.10~31.40 g/kg. KA THH 75% LBEKE A5,
SN “MEAETE S 5 RAEE” AEWANAFAL B BURE, R
FEREN 0~20 cm, B LAEEGI3 R, HRHIR R5E
FW, BNLHEPA RS E, H5%% 58 HT. YT,
FIFIVUEIRS], 4°C FRAT
1.12 RIEBAA

YRR BRME  (Fusarium raminearum) « 5
JRIR® (Pyricularia oryzae Cav) : 433 B K IR EYI I+ 5
FORAT 2 FH o

FEPUE Y-2: BRI =R AN EYUE, A

WWIER T 70 1508

PERE IR SI-1-3: DARR RSP A2 T SR wak 1 8 45 ot o
BT
.13 BHRAL

A R IR IR R 0L (PDA R 9R3k) 1) o4k
A PR R (PDB K595 . TS PURE AR R
JE B A K

WU IR AP 7R 30, 1 I B R IA
fELHLE . AHLBERRE

TERR R R FR 565 0005 B AR o AR R £ RO BB T
1.2 TEHEMSHMENE

o7 AR S alifh 2 Fh R B L R 41 DNAY, 4lifk
Jaik® Bl A TAHR AR, KM llumina HiSeq ¥
AT EE RN T
1.3 #idE SI-1-3 WO BA U REE

W 3B S TR A G, A% IR B T vk
ITREEERGRE . BRI A3 B A0 5 v R P 34 B vk = X R 2Rk
BRI PR G MR R E L SRHE, EEZ RGN EE,
b5 R SI-1-3, #E2: R WeE, I3 BgnmsEgl
FHiEB AR E SI-1-3 & 5% & BilE TR A 7,
7 NCBI ¥ P2 [RIJE P L X
1.4 R SI-1-3 AR & M EENE
1.4.1 AKX SI-1-3 58k fRAT s a2

ZHESCHR [18-19] ik, WGtk ST A, LAl
B R RERR EE R 7R 0L |, 28 °C 1HIRAE IS SR 48 he E BB
B VAR RS S, WS B R 25 o B 6 ) VA
W, RERR AR IR b S IE IR T
1.42 AKX E SI-1-3 4-k7]%: 28 (Indole-3-acetic acid,
IAA) 8%

SEPEME: K FH Salkowski Eb £7,35:18) B631F 1 #k 3 W
W5 Wk 2R I i

ERNE: DA R 1% MR T&F
R A & O B2 PDB 85955 b i 5% 48 h, &
530 nm B AKALIROGEE,  CAISI Wk 28 1R A b i it il U A
ek, SRR IbrE 25 1AA &R,

143 ABHXE SI-1-3 ik E % (Gibberellin, GA ) #9]%

15 1% HIREF A o B 23 PDB #5575, 28 C
PR RE% 48 h JG B0, HL 0.5 mL _EEW S 4.5 mL WK

PR 7870 RN 5 E AR 20 mL, I H: 412 nm 4b B9 WO B,
HE 3K, WIERME T E RS R W EP,
1.5 ¥l Y-2 BiREFIISM R ARG A B RMEIAE

i J5 IS BUE Y-2 $EHUEE R4 DNA % % | ifg
A T A BR A " HHT ITS ¥ 30 /7, 3@ NCBI W 3 1
BLAST # & 50 /5 45 AR 741, K H MEGA 7.0
MR R K EW .

1.6 FEIE Y-2 BUHNE M REN E

4 Bl T AN ARG 1 23 i BT PDA B Rk 28 C
9% 3~5d, ERHKELGHERN 1 em MITFLESHUE D
FENH11) PDA ~FA HTE], B S99 B B A0y 1.5 em &b 4y
SRR N AR RN B Y-2 ®%%, BT 28°C F
B, RS 24 h 0 TR A B TR K B R R ELAR
HitEME R, RRHEE 3 K.
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Ao R, AP K2 MR % D AWEKER, om;
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1.7.1  ARAR MR

R FE P A2 SR 2 3 ) kT F AR 2R P2 43 33
FHERh IR BEBCHT L TR FR SI-1-3 5 Y-2 IITE S, T PDA P
W EAE X R, 28 C 9% 48h )5, MEKFEMKIAK
PRI
172 4R A5 &

FA TG B8 B2 P A 43 ) e B A X ST-1-3 A Y-2 B VK S
R 2 100 mL PDB £7%3EH1, 28 'C. 200 r/min 7 % 1%
7 24 he SRR EER 15 K B RIE IR 11
) WIERS, FRIREFRME A R 600 nm &b HIWL
JEFE ODgy fH N 0.5, % H -

1.7.3 AR A & 2 s a5

fif k5% : K PDB 55724 1 mol/LNaOH 1§ %% pH
479 8.0. 8.5+ 9.0, 9.5, 10.0, ¥¥s3% 48 h NE S
RV CA 1% B4 B N B3R R [H) pH {E 1 55 9% W R
28 C. 180 r/min F&3% 24 h, MEHA KRN .

it ARG R R A KR E E pH 1,
L IR pH N BOEAE, % 1% B Fh & 55 0 3 0 2
NaClikFE (LUREDEIT) A 1% 3% 5% 7% 9%
ff) PDB R 7# 3k, F 28 C. 180 r/min IR 1577, HUE:
F 24 h IE S HEBT 600 nm K T HBOGE, ik
HES 3 K.
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W5 5] R AT A NaClK FE28 5%, pHIE N 85 KL R
PDA PR b, PURAMEELEKAT AR, FHEGFS
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RS HAEKER, IWEMEE. JET8 5 REHE
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electron microscope, SEM) %%,
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R, = (m-n) /mx100% 2
KA R, AEEGHEFPINEZ; m AT AHBRRER, cm;
n AR HRR E S, cm.
1.9 E&8EFIAEEZRRITFN

PO KNS5 RS E AT, Z5I/KIZIE 30 min
Ja, WK 75% K ZEEAT 1% NaClO ¥+ 10 min,
TEHKIEDE 2 K. A E AT HEZE 1 d.

# YT 4338 =i K R J5 Wi 1 mol/L NaOH 1 5% ff)
NaCl ¥ % 200 mL, <55 2% NAH A6 2 2
SEMT, BHBAKRSNEBEWT 4 MO TR K
SI-I-3 W Y2 Wll: SAEWM, SWBKELN
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21 TEMRESEENFERSH

XT b GERE IR A RAAR X = E BEREAT A, KA
AEXY FEE B A ECHT 10 BRI SO R IR, AR
WE 1 Fras. A TR AT AR MR VR AE A B 22 R MR
FEELFAE—EEZR, H16SMFER (K 1a) &R,
YT L0 B 75 R AR B 1] (Proteobacteria) « J5-EE
W] (Firmicutes) MRZEHE ] (Actinomycetes) HLH
BRE, 0l E 57.43%. 23.37%. 11.33%. HT -FEHLL
BILW 1T (Proteobacteria) « B 1 (Actinomycetes)
FPAFE ] (Bacteroidota) %, 47 5 i tt 29.03%.
19.13%. 9.62%, MRFABELINEILE] (Proteobacteria),
HUCNTRELE T (Actinomycetes) . YT Al HT WA~ 2%
TR AR B E A LT RE ] (Ascomycota) 15 L
Z (El1b), 4514 91.66% 1 87.01%.
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FER, AR (J& 2b) o % B4 16S tRNA I 7 Al
FYRPEEExE, RIS Bacillus subtilis 16-5G (#2525
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%59 MK521066.1) 73 [A 4045 100%, 5 Bacillus
subtilis ZG14-8 Bk [FJEMEN 99%.
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Fig.1 Relative abundance maps of 16S and ITS microbial

—_
(=3
(=}

3
f=}

D
(=}

353
=1

M%) =F i Relative abundance/%
&
(=]

[=}

classification and sequencing

a. SI-1-37EPDA LI E4 K45
a. Colony morphology of
SI-1-3 on PDA

b. SI-1-33: 2 [ AL BTG
b. Gram staining microscopy
image of SI-1-3

B2 E#kSI-1-3 £ PDA LW H B Sfe ¥ LR E EHHEH
Fig.2 Colony morphology of strain SI-1-3 on PDA and Gram
staining microscopy image
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SI-1-3 TEA NI FRE: BT B R (15 3a),
UL B AR AL A WLV R T R A R B P, AR
HUBEE R AT W) B B pE (&1 3b), fEREMRERIE IR b
TR T AR TG HIE W&, U B bR 20 AP ek I R T
THEER (K 3c). HARRHHKE I SI-1-3 £ 3
RS AU RO TR AT A TR AR, e
P A AL ) EL RN, BT A SR W 3 A LR I
i BT E AT BRI T 3R A

v
c. kR Hh R A
c. Silicate culture
medium

a. LB R IE
a. Organic phosphorus
culture medium

b. LR R4k
b. Inorganic phosphorusc
culture medium

B3 itk SI-1-3 AA M. RAHERAERR 3R L ey
£ KA
Fig.3 Growth of strain SI-1-3 on organic phosphorus, inorganic
phosphorus, and silicate culture media

232 AKX SI-1-3 /akvd|k CELH M

RE R0 BN O L 57 B 60 J5 B 5O, Tk HE
AR N EARFE R G (B 4), FERE IR T
AEEALRE SI-1-3 73 WAIKIIG| M L8 o M| o £ 1 A EE B2 (1)
AR R, 1% 1.4.2 )54 3006V 28R bR 2k
=0.0259x+0.255, R*=0.9956, ZitH, HERMEOER
AR A2 R SO0 N B TAA &0 58 (73.86+
0.01) . (50.39+0.07) pg/mL, XAt 5 EERIEN
TAA & IR A P70,

A4 HERHLENYEEHEE

Fig.4 Color rendering result of bacterial suspension and

colorimetric agent

233 BHRE SI-1-3 oA E R G S ENE
FERLS—REFEENEDHER, S5EMEK
REG LN B, % 1.4.3 TTiEBRRER N
HEHZE y = 0.003 3x+0.0002, R*=0.9939. & k5>
WHRERNEE, KUERIAERTWEN (80.55+
0.01) pg/mL,
24 FEIE Y2 RIEFFS TR AZ L ERMEEE
W T 157 51 45 Bl NCBI [k () BLAST 73 #r, ik
BOARBLE 52 v (¥ 7 B R AT R B IR, an &l 5 o,
GRS DU 5 IR R AR BF 1R (Pichia membranifaciens)
(0 [FPR I IE 98% LA b, I E PR Y-2 2 JBE B AR

BB s B Ak

NR _153285.1 Pichia cephalocereana CBS 7273
NR 153283.1 Pichia barkeri CBS 7256

NR _153287.1 Pichia eremophila CBS 7272
NR_153288.1 Pichia exigua CBS 6836
NR_153289.1 Pichia garciniae CBS 10758

99| NR_153293.1 Pichia sporocuriosa CBS 8806
NR_153294.1 Pichia temicola CBS 2617
NR_153305.1 Pichia chibodasensis NBRC 111569
NR_ 160321.1 Pichia dushanensis CBS 13912
NR_164078.1 Pichia cecembensis NRRL Y-27985
NR_168173.1 Pichia gijzeniarum CBS 15024

NR _138211. Pichia manshurca CBS 209

|: NR_111195. Pichia membranifaciens CBS 107
Y-2

98
GU213440.1 Saccharomycetes sp. HZ94

BS R Y2 AALF
Fig.5 Phylogenetic tree of antagonistic bacteria Y-2

2.5 FEIE Y-2 {EIREEAEENE

FEE 9 b ] 5| S /K R I P B 3, BRI TR R BRI 1R
P2 FEY) CREEY. L5 1EY. 25 Y LW EE
VISR IR, T 2 R A T DX DL ) 13 )
JEBE o BT AR B 56 R 7 i T A A HE T3 A
SHANER L 6) . ERFEE 3 R Y-2 XF R0
R JE 1 130 B 3R 45 BN 54.77% A1 43.60%, 55 7 KA
IEF] 76.01% 1 73.20%. L4 R FIH Y-2 FEARREW I &
VAR 9 o A A, A R BRI A T R P B 1
N FH AT REME .

/

b. Y-2 VS i
b. Y-2 VS Pyricularia
oryzae Cav
B 6 A RF 7 REAEIRE Y-2 xR H 69305 L
Fig.6 The inhibiting of antagonistic bacterium Y-2 to

a. Y-2 VSHEt
a. Y-2 VS Fusarium

raminearum

pathogenisis at the 7th day

2.6 EEEFIEEM

Btk SI-1-3 5 Y-2 7€ PDA “F B4 KRS WE 7,
PR 2 )G U AR, BRIl 2 B, ot
PUILG, R AT DAL FRAC ] 2 A 1R 7

7

B 7 AN AR
Fig.7 Compatibility testing between strains
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iy R Ee R B, 2 & RAIE pHAE A 8.0 fll 8.5 HyRE 7%
WrhEwAK, KT 8.5 Wbk AWM, W8 pH H
9 8.5 A 2% A OO & BRI B lon o i 25 06 %
B, 5605 RS N, 7E NaCLIR A
1%~ 5% 30 [ P9 B IR BE AR AR B AR E , (HTE 7%~9% 8
Bl P9 WO FBE BB T T %, BB 5% A lmoE s B, H T
5% I B MR IEME T (B 8) . B, JE 4R 5 ik
NaCl ¥ JZ 4 5% pH {H 9 8.5 FREEAE Ny Thus b 18 24 1,
FA CAI e 24 VSR S 2500

1% 56 )% & Absorbance value

0 1 2 3 4 5 6 7 8 9 10
NaCliJ%NaCl concentration/%

B8 AR#EMASBERGH A
Fig.8 The effect of different NaCl concentrations on the growth of
composite bacteria

2.8 HWANE T ESETIMHFERNBAIESRITE

PR L W R, AR SR MR R
RN DL, R B AR A T B AR B S R L 9. A
PR S1-1-3 BRI 77 06 e £l 0 G P AN B AR, K9 2d
J& A PRIFE TR Y-2 R0 BRT 2 (58 BRF 7] (14 385 Jor v 5% 9 14
I, A BT SRR AR RORE Sd EHE ST Y-2
(P<<0.05), TEZ 7 RIS B A B 1 401 18 2R AT ik 78.4%,
X R ARG R TR AT B A E—E PRI, S1-1-3
BT HPUE Y-2 BAERE R

B = 4V Composite bacterial solution

I Y-214 7% Y-2bacterial solution
[ SI-1-3 ¥4 SI-1-3bacterial solution

80 | a b

60 -

40

20

I K Inhibition rate/%

T s 4 s e 7
fif 17 Time/d
F: MATHERTRAVLHATLER, FATHREREREH

(P<<0.05)
Note: The same letter column indicates no difference in treatment groups of each
series, while different letters indicate significant differences.

B9 HEkSI-1-3. Y-2 ASA W AT HRIGH 40 H) 0L
Fig.9 Inhibition of Fusarium raminearum by strains SI-1-3,
Y-2 and composite microbial agent

W% 5 d AR 2 M RS mE 10 s, 1
B /K AL FE BT 1 IE R AR K, R AL R ) AR T

JHT, LR, TS A T T A B R AT
HERE AL B

By
Spore

20.0 pm 20.0 um

[ E2
Mycelia

20.0 um

20.0 um

b. LA E AL
b. Composite microbial
agent treatment

W CKARHURTER BT B SRR K
Note: CK treatment involves coating an equal amount of sterile water on an
improved culture medium.

A10 BA#eETREARATRELVESA

Fig.10 Morphology diagram of F. raminearum spores and

a. CKAbHT
a. CK treatment

mycelia under SEM

B TR PR B [ 40 B R0 Dy B R BB RE 40 A% 0 T
AEBTE AL TR R, MM R A PR VR A T R
POTE, 8 INFE DU P EE M. TR IR IR A R I B R
JE A PR B 22 RN A TS T 1 L IR AR K
29 EEEFIMNBRIRITFN
29.1 ARREAHETLE AT E G L R

SEUMTHEARREELNE 1. E6EAL
TR B A RN 93.44%, HFEE T CK 41 SI-1-3
FAL R (P<<0.05) tb CK KR K T 7.44%. &
AR RRAR R BT B0N 82.34%, 5 /N T i B — T Ak
WFR SRR E (P<0.05) . Eik4E REHE SH L
FRAE AR HE AR5/ R 9 O AR AT — € B [ELAE
T AR - 398 o 2R K AR R HE T RN, R U R0 R R
b5 2.8 T B AR R RIS 45 R — 2.

*® 1 AELEXNRE L EL R

Table 1 Effects of different treatments on the emergence and
disease incidence of mung beans %
b3 RIS 3 ES ik
Treatments Emergence rate Incidence rate Control effect
CK 86.97+1.16" 45.56+1.63¢ -
SI-1-3 90.57+0.60° 41.82+0.33° 8.21+0.05"
Y-2 88.14+0.21% 16.90+0.36° 62.88+0.01°
gl 93.44+1.78° 8.03+0.33* 82.34+0.01°

e RHRDNRFEEZRFIATZEILE, RN EEARRRERZE
(P<0.05). F~Id,

Note: The least significant difference method was used to perform multiple

comparisons, where lowercase letters in the same column indicate significant

differences (P<0.05). Same below.

TR A Bt 4k & 438 A KB A B AR AT 4 F o
MEKIES BRE, REANSE MR TSEH
RIMHE—EMAEKMLSE. k2R, EEWEAGEA
AR A Bk v AT 2R 5T R ) O (3.61+0.59) cm.
(7.5140.72) cm. 030 g, B CK AT IN 1 75.24%

2.9.2
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H64.33%. 66.67%, 55— THFAIALFLA A LB R B 2
EMER (P<0.05).
R2 TRELENFEEKRE KNI
Table 2  Effects of different treatments on the growth of mung
bean plants

EL 3/
Fresh weight of stem
and leaf/g

b B R s
Treatments  Root length/cm  Plant height/cm

CK 2.06+0.21° 4.57+0.41° 0.18+0.06"
Y-2 2.13+0.99% 4.59+1.14° 0.19+0.06"
SI-1-3 2.83+0.67° 6.39+1.29° 0.23+0.03°
HSEHR 3.610.59° 7.51+0.72° 0.30+0.90°
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SI-1-3 3.66+0.17° 2.39+0.06° 1.85+0.06°
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Constructing multifunctional composite microbial agents for promoting
crop growth under saline-alkali stress

SI Xinyu! , LI Jiagi' , ZHOU Menghan' , ZHANG Man! , HU Kailei* , GUO Honglian'*

(1. College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457, China;
2. Tianjin Mengbai Biotechnology Co.Ltd., Tianjin 300457, China)

Abstract: Crops are often subjected to low survival rates in saline-alkali soil, due to the saline-alkali stress. The increasing
number or variety of functional microorganisms in the saline-alkali soil can be expected to significantly promote the growth of
plants. In this study, the microbial community structure of saline-alkali soil was analyzed to isolate the functional
microorganisms with the growth-promoting using high-throughput sequencing. A multifunctional composite microbial agent
was constructed to mix the existing antagonistic bacteria with the isolated growth-promoting bacteria. A systematic
investigation was made to clarify the growth-promoting on the mung beans under saline-alkali stress. Two strains were
identified by molecular biology. The phosphorus and potassium solubilization of strain SI-1-3 were verified by culture media.
The Salkowski colorimetric technique was used to determine the production of the IAA (indole-3-acetic acid) product.
Spectrophotometry was used to identify the secretion of GA (gibberellin). The inhibitory capability of antagonistic Y-2 against
pathogenic bacteria was determined using the petri dish confrontation. The compatibility experiment among strains was
conducted for the composite microbial formulation in a petri dish using the cross-line method. The saline-alkali conditions of
the tested soil in the pot experiment were determined to measure the saline-alkali tolerance range of the composite microbial
agent. Pot experiments were used to clarify the effects of compound strains on the emergence rate, incidence rate, growth
indicators, and physiological and biochemical indicators of mung beans. The growth promotion was verified for the composite
microbial agent. The results showed that Proteobacteria, Actinobacteria, and Firmicutes were the dominant bacterial
communities in the soil samples, while Ascomycota shared the highest proportion of fungal communities. A bacterium named
SI-1-3 was isolated with a higher isolation frequency from the dominant strains. It was identified as Bacillus subtilis, with the
ability to dissolve organic phosphorus, decompose potassium elements, and secrete indole-3-acetic acid and gibberellin.
According to the phylogenetic tree, the antagonistic strain Y-2 was Pichia membranifaciens. Plate experiments showed that
antagonistic bacterium Y-2 shared a significant inhibitory effect on Fusarium raminearum and Pyricularia oryzae Cav. There
was no antagonistic effect between the two strains through compatibility tests. They were co-cultured to construct a composite
microbial formulation with a volume ratio of 1:1. The saline-alkali tolerance of the composite bacterial agent was identified to
determine the best growth of the strain in the PDB medium. Therefore, a pH value of 8.5 and NaCl concentration of 5% were
selected as the saline-alkali stress conditions for the subsequent experiments. The mung beans were then planted in the saline-
alkali soil with the composite microbial agent. There was a certain promoting effect of composite microbial agent on the growth
of mung beans under saline-alkali stress conditions with pH 8.5 and NaCl concentration of 5%. The emergence rate of mung
bean increased by 7.44% in the pot experiment, whereas, the incidence rate decreased by 82.37%, compared with the control
group. Additionally, the root length, plant height, and fresh weight of stem and leaf that were treated by the composite
microbial agent increased by 75.24%, 64.33%, and 66.67%, respectively. At the same time, the chlorophyll, soluble sugar, and
soluble protein content of mung bean seedlings increased by 71.63%, 64.21%, and 77.87%, respectively. There was the
promoting effect of composite microbial agents on the plants. Thus, the finding can provide an effective microbial resource to
improve the saline-alkali land and agricultural development.

Keywords: soils; plant; composite microbial agent; antagonism; growth-promoting; saline-alkali stress
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